A Gram-negative, motile, rod-shaped, and aerobic bacterial strain, designated LPB0072
The genus Hydrogenophaga was proposed for reclassifying four yellow-pigmented hydrogen-oxidizing bacteria formerly classified in the genus Pseudomonas [1] . Many members of this genus are chemoautotrophs, with the ability to oxidize hydrogen as an energy source. The generic name Hydrogenophaga (eater of hydrogen) refers to this metabolic characteristic. At the time of writing, ten species of Hydrogenophaga have been reported: H. atypical [2] , H. bisanensis [3] , H. caeni [4] , H. defluvii [2] , H. flava [1] , H. intermedia [5] , H. luteola [6] , H. palleronii [1] , H. pseudoflava [1] and H. taeniospiralis [1] . Here, we report the results of a comprehensive taxonomic study of a novel Hydrogenophaga strain.
Strain LPB0072
T was isolated from an oyster (Crassostrea gigas) collected on Yeongheung Island, Republic of Korea (37 15¢ 16.1¢¢ N; 126 29¢ 46.5¢¢ E). A standard plating technique using marine agar 2216 (MA; BD) was employed. The isolate was routinely cultured at 25 C on MA and stored at -80 C in glycerol suspension (20 % in D.W., w/v). Two closely related type strains, H. taeniospiralis KCTC 12153 T and H. palleronii KCTC 12152 T , were selected as reference strains and evaluated in parallel with strain LPB0072
T .
The 16S rRNA gene was amplified using two primers (27F and 1492R) and then sequenced using four primers, 27F, 518F, 907R and 1492R, as described previously [7, 8] . The sequence was preliminarily identified by searching for matches in the EzTaxon-e database [9] . The sequences of strain LPB0072 T (1455 bp) and all type strains in the family Comamonadaceae were aligned using EzBioCloud [10] , and phylogenetic trees were inferred with MEGA6.0 [11] . A Bayesian tree was constructed in MrBayes 3.2 [12] . The details of the sequence analyses have been described elsewhere [7, 8] .
T showed the highest sequence similarity to H. taeniospiralis KCTC 12153 T (97. 
LPB0072
T did not cluster tightly with any known species in these two genera (Figs 1 and S1 , available in the online Supplementary Material). In all the trees inferred in this study, strain LPB0072
T was positioned within the radiation of the genus Hydrogenophaga, but the position varied between trees. In addition, the relationship between the new isolate and the genus Hydrogenophaga became unstable when the number of taxa in the trees was reduced (Fig. S2 ). In the neighbour-joining and maximum-likelihood trees, when the ingroup was restricted to closely related species, strain LPB0072 T branched as a sister group of the genus Hydrogenophaga. In the Bayesian tree, strain LPB0072
T was within the radiation of the genus Hydrogenophaga. This may be because of the unclear demarcation of the genus Hydrogenophaga, which should be re-evaluated in the future using additional members of this genus. Based on sequence similarity and tree shape, strain LPB0072
T can be concluded to belong to the genus Hydrogenophaga and to represent a novel species.
To investigate the genomic features of the new isolate, the complete genome sequence of strain LPB0072
T was determined using the PacBio RSII system with the 20K library (Pacific Bioscience). De novo genome assembly was performed using PacBio SMRT Analysis 2.3.0 (Pacific Bioscience) and gene annotation was performed using the NCBI Prokaryotic Genome Annotation Pipeline. The average genome coverage was 226Â with an N50 of 4.9 Mb. The genome sequence of strain LPB0072
T was determined to be composed of a single, circular chromosome. No plasmids were detected. The genome size of strain LPB0072 T (CP017476) was 4 944 132 bp, with a G+C content of 61.3 mol% and 4459 protein-coding genes. This was concordant with the values for two closely related reference strains. The general genomic features of the sequence and reference sequences are summarized in Table 1 . The genome encodes 2 copies of the rRNA operon. Intragenomic heterogeneity was not observed between the 2 copies of the 16S rRNA gene.
To evaluate the relatedness of the novel isolate and the reference strains, the average nucleotide identity (ANI) between strain LPB0072
T and the two reference strains was calculated using the OrthoANI program [14] The low ANI value of strain LPB0072
T to H. taeniospiralis (77.03 %) or to H. palleronii (77.06 %) confirmed that the isolate should be designated as a novel genomic species within the genus.
The chemotaxonomic, morphological, cultural, biochemical, and physiological properties were examined as described previously [7, 8] . Cell growth was examined using synthetic marine broth [15] at different temperatures (4, 10, 15, 20, 25, 30, 35 , and 40 C), pH values (between pH 5.0 and pH 9.0, at 0.5 pH unit increments), and NaCl concentrations [between 0 and 10 % at 1 % increments (w/v)]. Chemolithoautotrophic growth of strain LPB0072
T and the two reference strains with hydrogen gas was tested in the liquid mineral medium DSMZ 81 under the conditions described by Malik and Schlegel [16] . The cultures were incubated under an atmosphere of 2 % O 2 , 10 % CO 2 , 60 % H 2 , and 28 % N 2 (v/v) for up to five days, and growth was measured by spectrophotometry. Utilization of thiosulfate was tested in R2A broth supplemented with 10 mM Na 2 S 2 O 3 Á5H 2 O as described by Spring et al. [17] . The concentrations of sulfate and the end product of thiosulfate oxidation were quantified in spent medium using turbidity measurements. Nitrate reduction was tested using R2A broth supplemented with 10 mM sodium nitrate. The test tubes were prepared anaerobically under a nitrogen atmosphere. Sulfanilic acid and a-naphthylamine were used to evaluate nitrate reduction after three days of incubation. Zinc powder was used to confirm the absence of nitrate in the medium. Because strain LPB0072
T could reduce nitrate to nitrite, the possibility of anaerobic growth using nitrate as an electron acceptor was support (>70 %) from 1000 resampled datasets. Letters at the nodes indicate that the corresponding nodes (groupings) were recovered also in Bayesian (B) and/or in maximum-likelihood (L) tree-inference methods. Neissaeria weaver ATCC 51223 T (L10738) and Burkholderia megalochromosomata JC2949 T (KF155693) were used as outgroups. Bar, 0.01 nucleotide substitutions per position. further evaluated. The mineral medium DSMZ 81 was supplemented with 10 mM sodium nitrate as electron acceptor, and dextrose, pyruvate, or soluble starch were individually added as an electron donor and carbon source. The agar media were incubated in anaerobic chamber (N 2 85 %, CO 2 10 %, H 2 5 %) at 25 C for 1 week. Strain LPB0072 T and H. palleronii did not grow unaerobically under tested conditions, but H. taeniospiralis grew anaerobically on dextrose, pyruvate, and soluble starch agar. Enzymatic activities were determined using the API 20NE, API 20E, and API ZYM kits (bioM erieux). For fatty acid analysis, strain LPB0072 T was aerobically grown on MA for 2 days at 25 C and the two reference strains were aerobically grown on nutrient agar for 2 days at 30 C. Cells of strain LPB0072 T were motile with a single polar flagellum (Fig. S3) . The results of the phenotypic examination are presented in the species description and in Tables 2 and 3. Because of the unclear demarcation of the genus Hydrogenophaga-Malikia-Macromonas, the phylogenetic position of the new isolate among the genus Hydrogenophaga varied depending on the tree inferring procedure. However, in all the trees inferred in this study, strain LPB0072
T showed the closest relationship to the genus Hydrogenophaga and the high sequence similarity (~97.5 %) with members of the genus also supported the closest relationship. Although the taxonomic status of the new isolate is likely to be altered by the restructuring of the taxonomic relationship of the genera Hydrogenophaga-Malikia-Macromonas in the future studies, it is right to make a conservative decision in the current situation. Based on sequence similarity and tree shape, strain LPB0072
T can be concluded to belong to the genus Hydrogenophaga and to represent a novel species. The distinction of strain LPB0072
T from other Hydrogenophaga species with validly published names was supported by the 16S rRNA gene sequence similarities (94.7-97.5 %) below the new suggested value (98.7 %) for species delineation, by the low genomic relatedness (77.0-77.1 %), and by a number of phenotypic characteristics. Thus, the polyphasic data obtained in this study indicate that the test strain merits . Data for strains 1, 2 and 3 were collected for this study, except the DNA G+C contents of the reference strains. Data for strain 4 were obtained from its original description [18] . All strains were pale-yellow colored rods. Strains 1, 2 and 3 were all positive for the following characteristics: catalase, oxidase, alkaline phosphatase, and leucine arylamidase activities; decomposition of Tween 40, Tween 60, and L-tyrosine; utilization of malic acid as a sole carbon source. Strains 1, 2 and 3 were all were negative for the following characteristics: production of H 2 S or indole; hydrolysis of adenine, alginic acids, casein, chitin, crystalline cellulose, gelatin, or starch; acid production from carbohydrates in the API 20E kit; urease, arginine dihydrolase, lysine decarboxylase, tryptophan deaminase, lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, ß-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase, or a-fucosidase activities; utilization of maltose, capric acid, adipic acid, trisodium citrate, and phenylacetic acid as sole carbon source. +, Positive; À, negative. , and at 1-5 % NaCl (optimum 2 %). Does not grow autotrophically with hydrogen gas. Reduces nitrate to nitrite. Does not grow anaerobically using nitrate as an electron acceptor. Oxidizes thiosulfate to sulfate. Does not produce acetoin, indole, H 2 S, or acid from glucose. Does not utilize citrate. Decomposes L-tyrosine, xanthine, hypoxanthine, Tween 40, Tween 60, and Tween 80, but not aesculin, agar, DNA, gelatin, adenine, alginic acids, casein, crystalline cellulose, or chitin. Possesses alkaline phosphatase, esterase lipase, leucine arylamidase, acid phosphatase, b-galactosidase, and ornithine decarboxylase activities, but not urease, arginine dihydrolase, lysine decarboxylase, tryptophan deaminase, esterase (C4), lipase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase activities, a-galactosidase, b-glucuronidase, b-glucosidase, a-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase, or a-fucosidase. Utilizes D-mannitol and malic acid as a sole carbon source, but not D-glucose, L-arabinose, D-mannose, N-acetyl-glucosaminidase, maltose, potassium gluconate, capric acid, adipic acid, trisodium citrate, or phenylacetic acid. Possesses the isoprenoid quinone Q-8 and the major fatty acids C 16 : 1 !7c and/or C 16 : 1 !6c, C 16 : 0 , and C 17 : 1 !6c. Has a 4.94-Mbsized single circular genome with a G+C content of 61.3 mol%.
The type strain is LPB0072 T (=KACC 18705 T =JCM 31188 T ), isolated from a Crassostrea gigas collected on Yeongheung Island, Republic of Korea. The GenBank accession number for the 16S rRNA gene sequence and the complete genome sequence of the type strain are KU198320.2 and CP017476, respectively.
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